We construct network centrality measures for customer and supplier industries in the U.S. economy. Consistent with Ahern, et al. (2014) , we find central suppliers have higher levels of systematic risk than central customers and therefore more exposed to sectoral shocks. We posit that central suppliers have incentives to channel funds to their customers via trade credit. Our empirical results are consistent with such a view. We find that the cash to cashflow sensitivity and value of cash is significantly higher for central suppliers than non-central firms, even among those financially unconstrained. In contrast, central customers have no cash to cash flow sensitivity, consistent with supplier trade credit redistribution helping to relieve customers' financial constraints. Using the 2008 financial crisis as an exogenous shock, we document that central suppliers with high pre-crisis liquidity decrease their investment, while only customers without central suppliers are sensitive to the crisis. Similarly, only customers without central suppliers are sensitive in their payable days to the crisis. 
Introduction
The recent financial crisis highlights the need to understand how shocks propagate through the economy and market. One firm or industry can have cascading effects on the policies and performance of other firms within its network or industry. Giroud and Mueller (2010) show that exogenous shocks to corporate governance have differential impact on competitive versus non-competitive industries. Acemoglu et al. (2012) suggest that the interconnections between firms and sectors act as a propagation mechanism of idiosyncratic shocks throughout the economy. Such cascading effects were used as main arguments for the recent bailout of the major U.S. automakers (Mulally, 2008) and several large financial institutions.
In addition, there is an extensive body of research examining how customer-supplier relationships affect supplier's investment and financing policies and firm performance. Maksimovic and Titman (1991) argue that customers are reluctant to do business with suppliers facing financial distress. Kale and Shahrur (2007) show that firms lower leverage as a commitment mechanism to induce suppliers/customers to make relationship-specific investments. Hertzel et al. (2008) document that buyer bankruptcy filings significantly impact suppliers that have relationships with them. Kelly, Lustig, and Nieuwerburgh (2013) model how customer-supplier relatedness and size distribution of customers affect supplier risk. Murfin and Njoroge (2014) show that large, highly rated retailers finance themselves off the back of smaller, weaker vendors. They document that an adverse shock of bank financing to suppliers result in the cutback of investments by suppliers in order to continue trade credit financing to their customers.
In this study, we examine customer and supplier networks and the relationship between network centrality and firm financing and investment decisions. Using input-output (IO) data from the Bureau of Economic Analysis (BEA), we develop separate industry-specific degree centrality measures for supplier industries and customer industries. Degree centrality measures the number of relationships for a given node within the network. In the context of input-output, for a node that constitutes a supplier industry, its degree centrality records the number of customer industries that order inventory and raw materials from this supplier.
Following Ahern and Harford (2014) , we count the number of links between significant industry pairs using a one percent threshold.
1 First, we explore the relationship between network centrality and firm performance by constructing equal and value weighted monthly portfolios of excess returns for firms in noncentral industries, central customer industries, and central supplier industries. We find that firms operating in central supplier industries have significantly more systematic risk than non-central firms using both equal-weighted and value-weighted portfolios. This finding is consistent with Ahern (2013) , who finds that firms in central industries earn higher stock returns due to having greater exposure to market risk over firms in non-central industries. In contrast, firms operating in central customer industries have less systematic risk than noncentral firms, significantly so using equal-weighted portfolios. In fact, a zero-cost portfolio long on central suppliers and short on central customers result in a positive and significant beta on excess market returns. This suggests that the relationship between network centrality and risks and returns differs for customers and suppliers. Acemoglu et al. (2012) and Ahern (2013) reason that the positive relationship between network centrality and returns is due to greater exposure to sectoral shocks that are passed through central industries. This implies that central suppliers are more exposed to sectoral shocks while central customers are either not exposed to the shocks or, despite being exposed, are finding ways to mitigate these shocks. Murfin and Njoroge (2014) document that smaller vendors finance larger retailers by providing trade credit, even to the detriment of their own investments. It is possible that central suppliers are providing financing to customers (more intensely due to being central than non-central suppliers), thereby amplifying their own exposure to market risk and mitigating that of the customers. This suggests that central suppliers have stronger precautionary motives to save cash than non-central firms or central customers. To test this idea, we measure the cash to cashflow sensitivity measure proposed by Almeida, Campello, and Weisbach (2004) for non-central firms, central customers, and central suppliers. In addition, within each group, we further sort firms into those that have a S&P long-term credit rating and those that don't. This proxies for firms' access to the debt market and acts as a proxy for financial constraints.
For firms in non-central industries and central supplier industries, we find that constrained firms will have a strong (positive and significant) propensity to save cash out of cashflow, while unconstrained firms will not, consistent with the findings in Almeida, Campello, and Weisbach (2004) . However, for firms in central customer industries, neither constrained nor unconstrained firms exhibit any propensity to save cash out of cashflow. In fact, when interacting centrality dummies with cashflow, we find that for suppliers, being central leads to a positive propensity to save cash out of cashflow for unconstrained firms that is larger than for constrained firms (albeit insignificant). These findings are consistent with the idea that central suppliers may be channeling funds via trade credit given to their customers by saving cash out of cashflow, which may be more prevalent when they are unconstrained.
Next, we explore the cash to cashflow sensitivity implications by studying the value of cash for firms in non-central, central customer, and central supplier industries. Faulkender and Wang (2006) find that financially constrained firms have a higher marginal value to cash holding than unconstrained firms and Denis and Sibilkov (2010) show that this is due to a stronger relationship between investment and cash holdings, allowing constrained firms to invest when they otherwise cannot. In other words, the higher value of cash comes from being able to use the cash towards value-enhancing investments rather than towards valuedestroying investments or less valuable distribution of cash to shareholders (due to taxes) as firms with more than the optimal amount of cash is expected to do. To test whether the higher cash to cashflow sensitivity of central supplier firms is value-enhancing, we run the Faulkender and Wang (2006) To study the idea that central suppliers may be providing trade credit to their customers, we employ the financial crisis as an exogenous shock to the supply of capital. Duchin, Ozbas, and Sensoy (2010) find that firms lower investments during the financial crisis due to being financially constrained. However, having higher levels of pre-crisis liquidity, namely precrisis cash holdings, helps to alleviate constraints during the crisis and allow firms to invest.
Following this framework, we study the change in investment during the crisis for firms in non-central, central customer, and central supplier industries. We obtain the Duchin, Ozbas, and Sensoy (2010) findings that pre-crisis liquidity leads to higher investment during crisis for non-central firms and central customers. However, for central suppliers, the crisis appears to have no impact on firm investment. This result can be interpreted in two ways. First, it may be the case that central suppliers are so liquid that the crisis has no impact and central suppliers will continue to invest at high levels. This is hard to believe given the severity of the crisis and given that the general levels of investments between central suppliers and non-central firms are not statistically different. It does not appear that the liquidity results in central suppliers investing more than non-central firms (in the level). Second, it may be the case that during the crisis, central suppliers that have more liquidity are channeling that liquidity to their central customers, thereby not using it towards their own investment. We find some evidence in support of this interpretation. We find that compared to non-central firms and compared to central customers, central suppliers that have higher cash holdings prior to crisis invest significantly less, rather than more, during the crisis. Finally, we build a sample of supplier-customer paired firms, using the customer segment database. We find that customer investments are sensitive to their own pre-crisis liquidity when customers have non-central suppliers, but are not sensitive to their own pre-crisis liquidity when they have central suppliers. Similarly, customer payable days are sensitive to their own pre-crisis liquidity when customers have non-central suppliers, but are not when they have central suppliers. Altogether, there results suggest that central suppliers mitigate risks for their customers by providing funds via trade credit.
To the best of our knowledge, our study is the first to examine separate network centrality measures for customer and supplier industries and for firms' financing and investment decisions. Network centrality measures using the BEA input-output table have gained use in recent research (e.g., Ahern, 2012; Ahern, 2013; Ahern and Hartford, 2014; Aobdia, Caskey, and Ozel, 2014; Gao, 2014) . Using this data, Ahern (2012) documents that the division of vertical merger gains between target and acquirer depend on the bargaining power between the two sides. One of the important determinants of such bargaining power is the purchase relationship between target and acquirer when each party acts as suppliers and customers.
Viewing an economy as a network of suppliers and customers, Ahern and Harford (2014) show that the average industry merges with a small set of local industries that are linked through customer-supplier relationships. Additionally, they find that mergers in related industries (industries that have trading relationships) strongly predicts an industry's own merger activity, suggesting that mergers propagate across the industry network.
We also contribute to the literature on supplier-customer relationship in the context of systematic risk, propensity to save cash, and the value of cash. Ahern (2013) finds a positive relationship between returns and network centrality, suggesting that sectoral shocks pass more through central networks leading them to more exposure to systematic risk. We show that the role of the firm in the product market matters. Central suppliers experience higher systematic risk while central customers do not. Furthermore, the established relationship between financial constraints and cash to cashflow sensitivity as well as financial constraints and marginal value of cash no longer holds when considering central suppliers, suggesting that central suppliers have a stronger precautionary motive to save cash out of cashflow and higher marginal value of cash, even when unconstrained. Using a retail setting, Murfin and Njoroge (2014) show that smaller suppliers channel funds via trade credit to their large, investment-grade customers and consequently sacrifice their own growth by cutting back investments. Our research provide some evidence that central suppliers with cash reserves forgo investment and redistribute funds which alleviates customer constraints and promotes customer investment.
Related Literature and Hypotheses Development
In this section, we discuss related literature and use existing research to guide the development of our hypotheses.
The Product Market as a Network
Ahern (2012) examines the division of merger gains between target and acquirer from the lens of the product market relationship between them. When the target and acquirer serve as customer and supplier to each other, Ahern (2012) shows that the dependence of a customer on a supplier's input and the significance of the purchase of a customer to a supplier's total sales are important factors in the division of merger gains in a vertical merger. Ahern and Harford (2014) document that the average industry merges with a small set of local industries that are linked through customer-supplier relationships and the structure of the merger network is very similar to the structure of the product market network. Additionally, they find that mergers in related industries (industries that have trading relationships) strongly predicts an industry's own merger activity, suggesting that mergers propagate across the industry network.
Supplier-Customer Relationship and Corporate Decisions
An extensive body of literature has explored how the relationship between supplier and customers affect their investment and financial policies. For example, Maksimovic and Titman (1991) argue that customers are reluctant to do business with suppliers facing financial distress. Kale and Shahrur (2007) show that firms lower leverage as a commitment mechanism to induce suppliers/customers to make relationship-specific investments. Hertzel et al. (2008) document that buyer bankruptcy filings significantly impact suppliers that have relationships with them. Kelly, Lustig, and Nieuwerburgh (2013) model how customersupplier relatedness and size distribution of customers affect supplier risk. Garcia-Appendini and Montoriol-Garriga (2013) show that cash rich suppliers are able to channel liquidity to their customers when the economy was stricken by a supply shock of credit. Itzkowitz (2013) shows that suppliers that have principle customer relationships save cash for precautionary motives. Murfin and Njoroge (2014) show that large, highly rated retailers finance themselves off the back of smaller, weaker vendors. Building on extant research on customer-supplier relationships, we focus on the role of the network structure of the customer and supplier industries on firms systematic risk exposure, cash holding, value of cash, and investment decisions.
Hypotheses
Building on extant literature on economic network and the impact of interaction between supplier and customer on firms' cash holding, leverage and investment decision, we develop three main hypotheses.
First, as shown in Acemoglu et al. (2012) , idiosyncratic shocks can be aggregated into economy wide fluctuations through the interconnections of the supplier and customers. As central suppliers, by definition, are linked to many important customers, a negative shock to an important customer would have significant adverse impact on a supplier's financial health.
Furthermore, Murfin and Njoroge (2014) show that suppliers provide credit to customers even when customers have easy access to external capital. This suggests that when a shock occurs, central suppliers are both adversely affected by the shock due to more exposure to the network as well as having to provide financial support for customers. This suggests that central suppliers may be mitigating systematic risks for central customers. Formally, we state our first hypothesis as follows: Hypothesis 1. Central customer (suppliers) industries have lower (higher) systematic risks than noncentral industries.
Next, we postulate that the network effect will be reflected in firms' cash holdings polices.
Given that central suppliers need to provide financing or trade credit to customers, we expect central suppliers to have a greater tendency to save cash out of cashflows than non-central firms and central customers. Vice versa, central customers are likely to be on the benefiting end of this relationship. As such, we expected central customers to have a lower tendency to save cash out of cashflow. In the same vein, since central suppliers channel funds to their customers in order to maintain close and valuable relationships, rather than distribute funds to shareholders (that incur tax costs), we expect cash to be more valuable to central suppliers than for non-central firms and central customers. As such, our second hypothesis is as follows:
Hypothesis 2. Central suppliers (customers) have a higher (lower) propensity to save cash out of cashflows, due to having higher (lower) marginal value of cash.
Finally, we expect this cash policy to have a real impact on investment. We postulate that central suppliers will have lower investment during a systematic capital supply shock due to being more impacted and having to provide support and alleviation of financial constraints for their customers, as discussed above. As such, our third hypothesis states:
Hypothesis 3. During a systematic financial shock (such as the financial crisis of 2008), central suppliers (customers) will see lower (higher) investment due to providing (receiving) financial support.
We test each of the three hypotheses in the sections below. table in the main analysis. For robustness, we create a time-series for the network centrality measures by using all available BEA data (1992, 1997, 2002, and 2007) .
2 Following existing literature, we exclude government, special industries, value added, and final users (IO code starting with letters S,V, or F).
Ahern and Harford (2014) view an economy as a network of suppliers and customers. The concept of network centrality is designed to capture the relative importance of a node or an edge in a graph. Graph theory is especially well-suited for studying firms in various industries by treating each industry as a node in a network and establishing the interconnection between industries using the trade flow data from BEA. There are various network measures including degree centrality, eigenvector centrality, clustering coefficient, and closeness coefficient. Here we choose to focus on degree centrality and eigenvector centrality because they are most suited for analyzing how shocks propagate through an economic network and its impact on firm policies (Ahern and Harford, 2014) . 
Degree Centrality
Degree centrality measures the number of links for a given node within a network. We follow Fan and Goyal (2006) , Ahern (2012) , and Ahern and Harford (2014) by identifying customersupplier pairs with a substantial relationship. A relationship is defined to be substantial if either the customer industry buys at least 1% of its input from the supplier industry or if the supplier industry sells at least 1% of its output to the customer industry. For example, if supplier S1 has three customers, C1, C2, and C3, with orders of 2%, 3%, and 0.9% of its input from S1, respectively, then our measure of supplier degree centrality for S1 is 2.
Higher values of degree centrality indicate that the supplier industry is connected to more substantial customers and therefore exposed to more sectorial shocks.
Eigenvector Centrality
To illustrate the construction of the eigenvector centrality measures, we use the customer industry. We first construct an adjacency matrix (A) using the ratio of the dollar purchase made by a customer from a specific supplier to its total purchases from all its suppliers.
Formally, eigenvector centrality of node i is c i defined in Equation (1) below for all other nodes j = i:
where M(i) is the set of nodes that are connected to node i and is a constant. In a matrix notation,
Here, c is the principal eigenvector of the adjacency matrix. High c indicates this node (industry) is well connected with its suppliers and its trading partners are themselves also well connected. Having calculated the eigenvector centrality measure for customer industries, we repeat the procedure to obtain our eigenvector centrality measure for supplier industries.
Our sample contains 481 unique I-O industries at the detailed level with unique degree and eigenvector centrality measures for our supplier and customer industries, respectively.
4 Table I reports the top ten central customer and supplier industries based on the degree centrality and Table II reports the summary statistics for our centrality measures.
Financial Statement and Market Returns Data
Next, we merge the customer and supplier eigenvector centrality measures with financial statement data by industry. We obtain corporate financial statement data from Standard & Poor's Compustat North American annual database from 1985 to 2013. All dollar amounts are deflated to 2000 dollars using CPI to adjust for inflation. We remove any firms with negative book asset value, market equity, book equity, capital stock, sales, dividends, debt, and inventory. Such firms have either unreliable Compustat data or are likely to be distressed or severely unprofitable. In addition, we delete observations in which book assets or sales growth over the quarter is greater than 1 or less than -1 and remove firms worth less than $5 million in 2000 dollars in book value or market value to remove observations that have abnormally large changes due to acquisitions or small asset bases. Next, we remove outliers defined as firm-quarter observations that are in the first and 99th percentile tails for all relevant variables used in our analysis. Following standard practice in the literature, we remove all firms in the financial and insurance, utilities, and public administration industries as they tend to be heavily regulated. In merging our network centrality measures with
Compustat, we use the reported primary segment North American Industry Classification System (NAICS) code. In Table III 
Results

Centrality and Systematic Risk
First, we study the relationship between network centrality and firm performance by examining whether central customers and central suppliers have different exposures to systematic risk. To do so, we create monthly equal-weighted and value-weighted portfolios for non-central firms, central customers, and central suppliers. We run the CAPM model on the portfolio excess returns:
where r p is the monthly portfolio returns, r f is the return on the riskfree asset, proxied by the 1-month Treasury, and r m is the return on the market portfolio, proxied by the S&P500 index. 
Centrality and Cash to Cashflow Sensitivities
One possibility that central suppliers have more systematic risk than central customers may be that central suppliers are providing additional benefits, such as financing or trade credit, to their customers, thereby amplifying their own risks and mitigating the systematic risk of customers during bad times. To explore that possibility, we examine managerial decision to save cash out of cashflow for non-central firms, central customers, and central suppliers following the cash-to-cashflow sensitivity analysis introduced by Almeida, Campello, and Weisbach (2004) :
where Cash/TA is the ratio of cash to total assets, CF/TA is the ratio of cashflow to total assets, MtB is the ratio of market value to book value, and LgTA is the natural log of total assets. Table V reports the cash-to-cashflow sensitivities. Almeida, Campello, and Weisbach (2004) show that financially constrained firms save more cash out of cashflow. Similar to Almeida, Campello, and Weisbach (2004) , we use a dummy variable for having a S&P long-term debt credit rating to proxy for financial constraints. 6 In columns (1) and (2), we compare firms in non-central industries without a long-term debt credit rating to those with a credit rating, respectively. As expected, financially constrained firms are significantly sensitive to saving cash out of cashflow, as evidenced by the positive and significant coefficient of 0.034 in column (1). In contrast, unconstrained firms in column (2) are not sensitive to saving cash out of cashflow. However, when we turn to firms in central customer industries in columns (3) and (4), we find that regardless of having a credit rating, both constrained and In columns (7) through (12) of Table V, Faulkender and Wang (2006) find that cash holdings are more valuable for financially constrained firms and Denis and Sibilkov (2010) show that this is due to greater cash holdings being associated with higher levels of investments, with this relationship being stronger for constrained firms than unconstrained firms. To explore the possibility that central suppliers are constantly saving cash out of cashflow in order to invest, and therefore produce, we following the Faulkender and Wang (2006) procedure to examine the value of cash holdings for non-central firms, central customers, and central suppliers:
Centrality and the Value of Cash
where R i is the annualized firm returns, R b is the annualized return on Fama-French 25 sizeage benchmark portfolio, dC is the change in cash holdings, dE is the change in earnings, dNA is the change in net assets defined as total assets net of cash, dRD is the change in research and development expense, dI is the change in investment, dD is the change in dividends, lC is the one year lagged cash holdings (i.e., C i,t−1 ), L is the leverage level, and NF is net financing defined as net equity issuance plus net debt issuance. Following Faulkender and Wang (2006) , all right hand side variables are deflated using lagged market values. As expected, for financially unconstrained firms, the value of cash is lower across all three groups of firms in columns (2), (4), and (6) As before, in columns (7) through (12), we include dummy and interaction terms to capture the effect of centrality on the value of cash. In columns (7) and (8), the results show that while being a central customer increases future abnormal returns (0.021, significant at the 10% level in column (7), and 0.031, significant at the 5% level in column (8) 
Centrality During Crisis
To explore the idea that central suppliers mitigate risks for customers by providing funds and trade credit, we employ the recent financial crisis as an exogenous financial shock.
Employing the framework in Duchin, Ozbas, and Sensoy (2010), we study the change in investment during the crisis for firms in non-central, central customer, and central supplier 7 We find significant higher cash holdings for central supplier firms than non central firms when both are financially constrained, suggesting that holding cash is more valuable.
8 Faulkender and Wang (2006) argue that when a firm more cash than optimal, it will exhaust valuable investment opportunities and start to channel funds back to investors which incur tax costs that reduce the value of cash. industries.
Centrality and Investment
Duchin, Ozbas, and Sensoy (2010) find that while the crisis decreased investment, having higher liquidity in the form of cash holdings prior to the crisis of 2008 allows a firm to overcome the financial constraints during the crisis and continue to invest. We follow their setup by defining the financial crisis to cover the periods starting the 3rd quarter of 2007 through the 2nd quarter of 2008 (isCrisis). We define prior cash holdings as the cash holdings of the firm one year prior to the crisis at the 2nd quarter of 2006 (using the quarter before that if it is missing). Following Duchin, Ozbas, and Sensoy, we restrict our estimation sample starting the 3rd quarter of 2006 through 2nd quarter of 2008, maintaining one year prior to crisis and one year during the crisis, i.e., maintaining a balanced number of years prior to and during the crisis.
Table VII uses a firm fixed-effects model to estimate the effect of the crisis and pre-crisis liquidity on the change in investment for firms in non-central, central customer, and central suppliers industries, respectively, in columns (1) through (3). For non-central firms, we obtain the Duchin, Ozbas, and Sensoy (2010) results, namely that higher prior cash holdings increase investment during the crisis period. Similarly, for central customers, while the crisis significantly reduced investment, having more prior liquidity allow for increased investment during the crisis. In contrast, for central suppliers, the crisis appears to have no effect on the investment behavior.
There are two interpretations for the central supplier results in column (3) of Table VII. First, given the previous finding that central suppliers appear to be saving more cash out of cashflow than other firms, it may be the situation that estimating on a sample of central suppliers is equivalent to estimating over a sample of liquid firms. In other words, central suppliers are never constrained to the point that the crisis mattered for them. While this is plausible, the constant in column (3) does not appear to be significantly higher than the non-central firms, as that interpretation would suggest. Second, also given the previous finding of central suppliers saving more cash out of cashflow, we argued that it is possible that central suppliers are channeling funds to their customers. That is, during the crisis, it is possible that any additional liquidity of the central suppliers are being channeling towards alleviating constraints for their customers rather than into investment, leaving their investment behavior unchanged during the crisis.
In order to distinguish these two interpretations, we compare the effect of centrality on the impact of liquidity on investment during the crisis by including dummies and interaction terms in columns (4) through (6) of Table VII. In column (4), we compare central customers to non-central firms and find that central customers invest significantly less (at the 1% level) during crisis than the non-central firms. This finding is consistent with the possibility that these central customers receive less trade credit from their suppliers during the crisis, consequently leading to cutting back of investments. In column (5), we compare central suppliers to non-central firms and find no significant differences in investment during the crisis between central suppliers and non-central firms. However, for central suppliers, having higher cash holdings prior to crisis leads to significantly less, rather than more, investment during crisis. This is consistent with the interpretation that central suppliers with more liquidity are channeling their funds to their customers rather than investment. Finally, in column (6), we compare central suppliers to central customers. We find that central suppliers invest more than central customers during the crisis. However, central suppliers that have more liquidity invest significantly less than central customers, consistent with the results in column (5). This suggests that when central suppliers have larger cash holdings prior to crisis, they invest less than firms in both central customer and non-central industries, despite saving more cash out of cashflow. This is more consistent with the second interpretation that the funds are being used, or channeled, elsewhere.
Supplier-Customer Paired Sample
While the previous evidence is consistent with the interpretation that central suppliers are mitigating the constraints of customers by offering financing or trade credit, one major limitation is that our sample does not allow us to directly test whether central suppliers are channeling funds via trade credit to their customers. To explore these ideas more directly, of the firms' total annual sales. To address the endogeneity concerns, we adopt a difference in difference approach in which we compared customer capital expenditure before and after the onset of the financial crisis as a function of customer centrality, crisis dummy, and pre crisis liquidity. While this sample of customer-supplier pairs allow us to directly test the customer-supplier relationship, it also limits our number of observations.
In Table VIII , we repeat the analysis in Table VII by testing the effect of supplier centrality on customer investment during the crisis using this smaller sample of suppliercustomer pairs. In column (1), we estimate the baseline specification with customer investment as the dependent variable among the sample of customers with non-central suppliers. Among customers with non-central suppliers, we find that they are significantly sensitive (at the 10%) to their own pre-crisis liquidity during the crisis. That is, they invest less during the crisis; however, larger pre-crisis cash holdings help cushion the negative impact of the crisis on investment. In column (2), we estimate customer investment among the sample of customers with central suppliers. In contrast to column (1), we find that for these customers with central suppliers, crisis does not appear to have impacted investment and these firms are not sensitive to their own pre-crisis liquidity. This is consistent with the interpretation that their central suppliers are mitigating the adverse effects of the crisis for these customers and provides stronger evidence of our story.
In columns (3) and (4) of Table VIII, we include the supplier's pre-crisis liquidity as an additional control. One would not expect the pre-crisis liquidity of the supplier to impact customer investment unless the customers were benefiting from this liquidity. Column (3) examines the impact for customers with non-central suppliers and column (4) for customers with central suppliers. While supplier pre-crisis liquidity is not significant in either subsample, it is worthwhile to note that the sign and magnitudes of the coefficients are consistent with our story. That is, column (3) reports that non-central suppliers' pre crisis liquidity has a negative impact (although insignificant) on customers' investment during crisis. In contrast, column (4) shows that central suppliers' pre crisis liquidity has a positive impact (again insignificant) on customers' investment during crisis.
Centrality and Trade Credit
Finally, we examine whether centrality plays a role in the customer's availability of trade credit. Using the supplier-customer paired sample described above, we track the change in log of customer payable days around the financial crisis. Table IX presents the results. In column (1) of the table, we use the entire sample of supplier-customer pairs. The results indicate that customer payable days decrease significantly during the crisis, consistent with suppliers pulling back on offering trade credit during this period of economic difficulty. However, customers with high pre-crisis liquidity are able to increase payable days, significant at 5%, indicating that suppliers extend trade credit to customers that can repay. Likewise, central customers are also able to increase payable days, significant at 10%, consistent with central customers having more bargaining power than non-central customers.
In column (2) of Table IX, First, we explore the relationship between network centrality and firm performance and find that firms operating as central suppliers have more systematic risk than noncentral firms, consistent with Ahern (2013) , while firms operating as central customers have significantly less systematic risk than non-central firms and central suppliers. This suggests that the relationship between network centrality and risks and returns differs for customers and suppliers. Furthermore, we hypothesize that central customers are more likely to receive trade credit from their suppliers, hence, they are less financially constrained. We find empirical support for this view. Specifically, using framework in Almeida, Campello, and Weisbach (2004) , we find that for firms in central customer industries, neither constrained nor unconstrained firms have significant propensity to save cash out of cash flow, consistent with the view that suppliers channel funds to central customers, thereby relieving the financial constraints of their customers. In contrast, we find firms in central supplier industries have significant cash to cashflow sensitivity for both financially constrained as well as unconstrained firms. This suggests that central supplier firms have a consistent need for cash savings regardless of their ability to obtain external financing.
Next, we examine the value of cash for non-central, central customers, and central suppliers, respectively. We find evidence in support of the view that supplier channel funds to their central customers which in turn lower the value of cash to central customers.
Moreover, we document that cash is more value to central supplier than central customer, suggesting that central suppliers have either more valuable investment opportunities or use cash for valuable trade credit redistribution in order to maintain close and valuable business relationships with their clients.
Lastly, to mitigate the concern over endogeneity, we take advantage of the recent financial crisis as an exogenous shock on the supply side of credit provision to examine the change in capital investment for non-central, central customers, and central suppliers respectively. We also conduct a difference in difference test using the paired customer supplier data to test the differential impact of supplier centrality on customers' investment. Our results show that central suppliers with high cash holding pre crisis cut back on their investment during crisis, suggesting that these suppliers may sacrifice their own investment in order to redistribute cash to their customers. Finally, using this same framework, we find that only customers without central suppliers are sensitive in their payable days to the crisis.
Taken altogether, our research documents that centrality in the supplier-customer network has strong implications for performance and financial policies. We join the emerging research that explore the role of industry centrality in corporate finance (Aobdia, Caskey,and Ozel, 2014; Ahern, 2012; Ahern, 2013; Ahern and Hartford, 2014) . To the best of our knowledge, our study is the rst to examine separate network centrality measures for customer and supplier industries in the context of cash holdings and trade credit. (1)
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